Frequency spectrum of the wave scattered by randomly rough surface back to transceiver located on aerospace vehicle moving towards the surface is evaluated and investigated in explicit form. Kirchhoff's (physical optics) method is applied for scattered field evaluation. It is assumed that transceiver irradiates directive spherical wave illuminating circled area on the surface. Distribution of the rough surface height is assumed to be normal with isotropic Gaussian correlation function. Application the effective approximation formula for characteristic functions difference in integrand gives rise to spectrum evaluation for arbitrary height of surface irregularities. Frequency spectrum is shown to exist in two forms. The first one is represented by monotonic curve, depending on correlation distance of the rough surface. The second form includes one maximum, which position and amplitude are related with the roughness' mean square slope. On the parameter plane the curve is plotted which separates regions with abovementioned spectrum forms.
INTRODUCTION
The purpose of this paper is theoretical evaluation frequency spectrum of radiowave backscattered to transceiver moving towards randomly rough surface. This situation occurs, for example, before spacecraft landing on the Moon or planet surface. Irregularities of such surfaces are formed by natural factors and may be described as random fields. Frequency spectrum provides information about statistical characteristics of rough surface, such as correlation distance, mean square height and slope of its irregularities.
The scattering problem on randomly rough surface may be formulated as follows. Let scalar (sound) or vector (electromagnetic) wave fall on the surface S separating two media. The surface is described by equation ( , , ) z x y t = ζ , where ζ is random function of coordinates x, y and time t. It is required to establish relation between statistical parameters of rough surface and characteristics of scattered field. Approaches to this problem as well as results obtained were described in literature at various times (Beckman and Spizzichino, 1963) , (Bass and Fuks, 1972) , (Shmelev, 1972) .
Nevertheless this problem is actual up to now because of application peculiarity variety.
We use in this paper Kirchhoff's (physical optics) method -the most developed and effective in wave scattering problems. It is based on assumption that reflection of incident wave at every point of rough surface locally obeys geometric optics laws. This means that our consideration is restricted to rather smooth and gentle irregularities, which curvature radius is large in comparison with wave length. We don't take into account shadowing effects, so surface slopes are assumed to be not too sharp.
The problem solution by Kirchhoff's method is used to include two stages. At the first stage dynamical part of the problem is considered. General expression for wave field diffracted on the surface S is composed in Kirchhoff's approximation. The surface height is described herein by arbitrary function ( , , ) z x y t = ζ . At the second stage this function is declared to be random and various statistical characteristics of scattered field, such as middle value, average intensity, correlation function etc., are evaluated by averaging over rough surfaces ensemble. In this paper we are interested in frequency spectrum of backscattered field when transceiver is moving towards rough surface (in vertical direction). Analogous problem in the case when transceiver is moving along rough surface (in horizontal direction) was studied earlier (Shmelev, 1973) . More accurate explicit results may be obtained in the case under consideration.
DYNAMICAL PART
For the sake of simplicity we consider scalar (sound) waves taking in mind that vector character of electromagnetic wave acts on polarization but not on spectrum shape. Let the directional spherical wave At first we consider motionless surface S. Its movement towards transceiver will be taken into account in quasi-static approximation by time dependence restoration in final expression for diffracted field. This approximation is valid if transmitter velocity is small in comparison with light velocity v c . Geometric scheme of the wave scattering problem is shown on Figure 1 for general case of spaced transmitter Q and receiver P. Here R 0 and R are transmitter Q and receiver P position vectors, ( , , ( , ) ) ( , ) x y x y ⊥ = ζ = ζ r r is radius -vector of rough surface point, n -surface normal at this point. Diffracted field at observation point P is related with values of the field φ and its normal derivative n ∂ϕ ∂ on the rough surface S by Green's formula
In Kirchhoff's approximation following relations are valid at the every point of surface S
where ( , ) V V = r n is local Fresnel reflection coefficient. Substitution (1) and (3) into (2) gives
Let us assume now that transmitter and receiver are situated far enough from the rough surface, so that 
where ( )
n n is the scattering vector. Let us now take into consideration motion of the rough surface along z-axis with the constant velocity v. In quasi-static approximation we have to set in (5) 
This expression provides basis for further evaluation statistical characteristics of diffracted field.
AVERAGE FIELD
Averaging expression (6) 
where corner brackets denote averaging operation, 
SCATTERED FIELD
Scattered field is meant to be diffracted field minus its average value Δϕ = ϕ − ϕ . Let us evaluate temporal correlation function of the scattered field
Using (6) and (7) we obtain ( ) (11) where
, , exp f u w iu iw 
where parameter ( ) 
where γ is positive parameter. This approximation was studied in detail in (Vinogradov and Shmelev, 2008 
In the case of statistically isotropic surface we have to set x y l l l = = . This gives
In limiting cases of small and high irregularities these expressions lead to (13) and (14).
Let us consider now backscattering case, when transmitter and receiver positions coincide, i.e. 
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FREQUENCY SPECTRUM
As is known, frequency spectrum may be evaluated by Fourier transformation of temporal correlation function
Insertion (21), (22) into (23) To avoid dependence on inessential parameters let us consider spectrum normalized to its value at Ω=1, i.e. 
Analysis of this expression shows that there exist two forms of frequency spectrum. The first one is represented by monotonic curve, depending on correlation distance of the rough surface. The second form includes one maximum, which position and amplitude are related with irregularities mean square slope. Typical examples of these spectrum forms are shown on Figures 2 and 3 .
Regions on the plane (δ,β) corresponding to one or another form of spectrum differ in sign of derivative 
